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1
FLEXIBLE CATHETER SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims under 35 U.S.C. §119(e) priority to
and the benefit from U.S. Provisional Patent Application No.
60/923,985, filed on Apr. 18, 2007, entitled “Flexible Cath-
eter System”, the disclosure of which is incorporated in its
entirety by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to catheter systems for delivery and/
or retrieval of medical devices.

2. Description of Related Art

In many minimally invasive medical procedures, an intro-
ducer sheath or catheter is inserted in a blood vessel to gain
access to a site within a patient’s body for a diagnostic or
therapeutic procedure, and used to deliver medical devices,
including medical implants. Medical technology has pro-
duced a number of medical devices which are designed to be
compressed into a first configuration, such as through a small
diameter tube or catheter, in order to facilitate introduction
through the vascular system, and to subsequently expand into
an expanded configuration at a desired site in the body. For
example, such devices can be intended to occlude defects or
holes in the heart, such as intracardiac occluders, or to contact
the walls of a passageway or blood vessel, in the case of vena
cava filter or stents.

Among these devices, intracardiac occluders present spe-
cial challenges for a delivery system. First, the occluder must
be very carefully and precisely deployed at the treatment site
to assure proper closure. Second, the tortuous anatomy of the
cardiovascular system necessitates a delivery system capable
of traversing the small radii of curvature of the vasculature
and the confines of the heart chamber for delivery of the
occluder to the deployment site.

Numerous systems for percutaneous catheter delivery of
medical devices have been devised over the years in order to
assist physicians in delivering and positioning medical
devices within the human body in a minimally invasive man-
ner. A common problem with many of these percutaneous
delivery systems is that they can often adversely and unpre-
dictably affect the position of the device upon deployment.
For example, the released position of a medical implant may
be different from its final position while still attached to the
delivery system. In such case, the physician is forced to esti-
mate the effect of this difference, compensate for this effectin
positioning the implant, and take such effect into consider-
ation when assessing final implant position prior to its release.
Additionally, the movement of the implant that occurs fol-
lowing release from its delivery system can be unpredictable.
Thus, the resulting improper positioning of such an implant
can lead to unfavorable outcomes, such as a residual leak in
the case of intracardiac occluders, or, in some extreme case,
embolization of the implant.

BRIEF SUMMARY OF THE INVENTION

In one embodiment, the invention provides a conduit for
insertion into a living body includes a plurality of adjacent
segments. Each of the plurality of segments have a front face,
aback face, and a central axis. The front faces of the segments
are adjacent to the back faces of adjacent segments and form
a flexible joint between the adjacent segments and enable the
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segments to be deflected from a configuration wherein the
central axes of the segments are aligned. The conduit also
includes a main lumen defined by the plurality of adjacent
segments. The main lumen passes through the front and back
faces of the segments. The conduit further includes a first side
lumen defined by the plurality of adjacent segments. The first
side lumen is disposed within the segments at a location
radially distant from the central axes of the segments. The
conduit includes a first wire disposed in the first side lumen.
The first wire is joined to a most distal segment of the plurality
of segments. The first wire is for selectively applying a force
to the most distal segment to cause the plurality of segments
to be deflected from a configuration wherein the central axes
of'the segments are aligned.

In some embodiments, the conduit includes a second side
lumen defined by the plurality of adjacent segments. The
second side lumen is disposed within the segments at a loca-
tion radially distant from the central axes of the segments. The
first wire can be disposed in the second side lumen. The first
side lumen can be disposed across the central axis from the
second side lumen.

In certain embodiments, the conduit includes a second wire
disposed in the second side lumen. The second wire is joined
to the most distal segment of the plurality of segments. The
second wire is for selectively applying a force to the most
distal segment to cause the plurality of segments to be
deflected from a configuration wherein the central axes of the
segments are aligned.

In various embodiments, the conduit includes a relatively
rigid catheter section attached to the most proximal segment
of the plurality of segments.

In some embodiments, the conduit can include one or more
snare lumens defined by the plurality of adjacent segments.
The snare lumens are disposed within the segments at a loca-
tion radially distant from the central axes of the segments.
One or more snare wires can be disposed in snare lumens. The
snare wires are for releasably attaching to an implant device.

In other embodiments, a method includes introducing a
conduit, as described herein, into a vasculature of a living
body, and selectively applying a force to at least one wire
disposed in a side lumen of the conduit to direct a distal end of
the conduit to a desired site within the vasculature of the
living body.

In various embodiments, the method above can also
include withdrawing a deployed implant device into an inner
lumen of a sheath through which the conduit passes, and
withdrawing the conduit from the vasculature of a living
body.

In certain embodiments, a method includes forming a con-
duit for insertion into a vasculature of a living body. The
conduit includes a plurality of adjacent segments. Each of the
plurality of segments has a front face, a back face, and a
central axis. The front faces of the segments are adjacent to
the back faces of adjacent segments and form a flexible joint
between the adjacent segments and enable the segments to be
deflected from a configuration wherein the central axes of the
segments are aligned. The conduit also includes a main lumen
defined by the plurality of adjacent segments. The main
lumen passes through the front and back faces of the seg-
ments. The conduit further includes a first side lumen defined
by the plurality of adjacent segments. The first side lumen is
disposed within the segments at a location radially distant
from the central axes of the segments. The method also
includes disposing a first wire in the first side lumen. The first
wire is joined to a most distal segment of the plurality of
segments. The first wire is for selectively applying a force to
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the most distal segment to cause the plurality of segments to
be deflected from a configuration wherein the central axes of
the segments are aligned.

The forgoing and other features and advantages will
become apparent from the following drawings, detailed
description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a delivery system
according to an embodiment of the invention;

FIG. 2 is a detail view of a distal portion of a delivery
system according to an embodiment of the invention;

FIG. 3A is a detail view of a front side of a disk element of
a distal portion of a delivery system when viewed from the
direction 105 of FIG. 1 according to an embodiment of the
invention;

FIG. 3B is a detail view of a back side of a disk element of
a distal portion of a delivery system when viewed from the
direction 105 of FIG. 1 according to an embodiment of the
invention;

FIG. 4is adetail view of disk elements of a distal portion of
a delivery system according to an embodiment of the inven-
tion;

FIG. 5A is a detail view of a distal portion of a delivery
system according to an embodiment of the invention;

FIG. 5B is an end view of a distal portion of a delivery
system according to an embodiment of the invention;

FIG. 5C is a detail view of a distal portion of a delivery
system attached to an implant according to an embodiment of
the invention.

FIG. 5D is a detail view of a distal portion of a delivery
system attached to an implant according to an additional
embodiment of the invention.

FIG. 5E is a detail view of a distal portion of a delivery
system during the release of an implant according to an
embodiment of the invention.

DETAILED DESCRIPTION

Embodiments of the invention are directed to aspects of a
catheter system for delivering, and optionally, retrieving,
medical devices within the body through the vasculature
(e.g., medical implants, drug release devices, diagnostic
devices, etc.). Embodiments of the invention have particular
utility for delivering, or retrieving, medical implants in the
heart. Embodiments of the invention may be used, for
example, to deliver septal occluders used to occlude anatomi-
cal apertures, such as atrial septal defects (ASD), ventricular
septal defects (VSD) or patent foramen ovale (PFO). In this
application, “distal” refers to the direction away from a sheath
insertion location and “proximal” refers to the direction
nearer the insertion location.

Referring to the drawings, wherein like reference numerals
designate identical or corresponding parts throughout several
views, and specifically to FIG. 1, a delivery system 100 is
illustrated, including a sheath 116, having a lumen extending
from one end to the other, and a catheter 118 slidably disposed
within the lumen of the sheath 116. The sheath 116 has been
retracted proximally to reveal a portion of the catheter 118.
The catheter 118 has a proximal portion 120 and a distal
portion 130. The catheter 118 includes a central lumen
extending from one end to the other. The catheter 118
includes a main catheter portion 122 and a flexible portion
200 connected to the main catheter portion 122. The flexible
portion 200 is relatively flexible as compared to the main
catheter portion 122 which is relatively rigid. In the embodi-
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ments described herein, the sheath 116 may also be described
as a catheter, thus, the terms can be used interchangeably.
Similarly, the terms “delivery system” and “catheter system”
can be used interchangeably.

The delivery system 100 further includes a hub portion 112
and a side port 114. A medical instrument or implantable
device to be inserted into a patient is placed through a proxi-
mal end 140 of the delivery system 100 and exits the sheath
116 at a distal end 160 of the sheath. In certain embodiments,
the delivery system 100 further includes a delivery wire 110
slidably disposed within the lumen of the catheter 118. As
described in more detail below, the delivery wire 110 can be
attached to a portion of a medical device, such as a medical
implant, and can be used to deploy the medical implant to a
desired location within the body. However, the delivery wire
110 is not required, and is omitted in certain other embodi-
ments.

FIG. 2 shows the flexible portion 200 of the catheter 118.
As shown in FIG. 2, flexible portion 200 is made up of a
plurality of segments. In the embodiment shown, the seg-
ments are in the form of disk elements, such as disk elements
202a,202b, 202¢, and 2024, collectively referred to as “disk
elements 2027, linked in series. Although the disk elements
202 are separate, the disk elements 202 are connected by one
or more connecting wires 204, described in greater detail
below. Because the multiple disk elements 202 are separate
from each other, the flexible portion 200 exhibits a lower
degree of stiffness than if it were constructed of a solid piece
of' material. Thus, as explained in greater detail below, certain
undesirable forces that might otherwise be imparted by a
relative stiff catheter portion can be avoided during the
deployment of a medical device.

Although only the distal portion 130 of the catheter
includes the flexible portion 200 in the illustrated embodi-
ment, in various embodiments, a longer or shorter flexible
portion 200 with disk elements 202 can be incorporated in the
catheter 118. In some embodiments, main catheter portion
122 may accordingly be relatively short while the flexible
portion 200 is relatively long. In other embodiments, the
entire length of the catheter 118 is comprised of flexible
portion 200, which includes disk elements 202. The flexible
portion 200 of the catheter 118 that includes disk elements
202 will exhibit a relatively high degree of flexibility, specifi-
cally compared with any portions that are formed by main
catheter portion 122. In one embodiment, the sheath 116
covers the entire length of the catheter 118 including its distal
portion 130 and its proximal portion 120, or main catheter
portion 122 and the flexible portion 200. In another embodi-
ment, as the sheath 116 is retracted proximally, the distal
portion 130 of the catheter 118 is exposed, including a portion
of or the entirety of flexible portion 200 of the catheter 118.

FIGS. 3A and 3B illustrate detailed views of two sides of a
single disk element 2024. Disk element 202q has a circular
outer perimeter. Disk element 202a has a front face 210, a side
wall 212 and a back face 214. The front face 210 has a
ball-shape, i.e., is convex, and the back face 214 has a socket
shape, i.e., is concave. The front face 210 and the back face
214 are designed to fit one within the other so that identical
disk elements 202 can be fitted together end-to-end with a ball
of one disk element 202 fitting into a socket of another,
thereby forming a joint. Optionally, the front and back faces
of'adjacent disk elements 202 are connected. This connection
can be amechanical connection, for example, a flexible mem-
ber joining the disk elements 202. The connection can also be
a magnetic connection. Other types of connections can exist
between the disk elements 202, so long as the flexibility of the
flexible portion 200 is maintained. In other words, the front
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face 210 of one disk element 202 and back face 214 of another
disk element 202 cooperate to enable the disks elements to
change their alignment relative to each other.

In some embodiments, the front face 210 of one disk ele-
ment 202 has a profile that fits flush against the back face 214
of another disk element. In such an embodiment, no gap is
maintained between the nesting surfaces of the front and back
faces of the adjacent disk elements 202. Although a gap is
shown between disk elements 202 in FIGS. 1, 2, 4, 5A, and
5C-5E, it is understood that this is for the purpose of illus-
trating that disk elements 202 are separate. It is understood
that a gap may or may not exist between disk elements 202.
Therefore, in other embodiments, a gap is maintained
between a portion of the nesting surfaces of the front and back
faces of the adjacent disk elements 202. For example, the
radius of curvature of the front face 210 can be smaller than
that of the back face 214 of adjacent disk elements 202.

The disk element 202a further includes a central lumen
216, that extends along a longitudinal axis, from the front face
210 to the back face 214. The central lumen 216 is of suffi-
cient size to allow the delivery wire 110, to be slidably dis-
posed therein. During delivery of a medical device, such as a
medical implant, the delivery wire 110 is attached to a portion
of the medical implant and is used to deploy the implant. In
such embodiments, the delivery wire enters the back face 214
of each of the disk elements 202 and exits the front face 210
of'each of the disk elements 202. Thus, the delivery wire 110
passes into the proximal end 140 of the delivery system and
eventually through the flexible portion 200 of the catheter 118
for attachment to the implant. The central lumen 216 may also
be sized sufficiently to allow other mechanisms to facilitate
delivery of a medical device to be slidably disposed therein.

The disk element 202a further includes two secondary
lumens 218a and 2185, that extend from the front face 210 to
the back face 214, and parallel to, but offset from, the center
longitudinal axis and from central lumen 216. The secondary
lumens 218a and 2186 are preferably evenly distributed
around the periphery of disk element 2024 and at an equal
radial distance from the axis. The secondary lumens 2184 and
218b allow connecting wire(s) 204 to be slidably disposed
therethrough. The inner diameter of the secondary lumens
218a and 2184 is selected to provide sufficient space to allow
connecting wire(s) 204 to slide within the lumens.

The disk element 202 is constructed of material with suf-
ficient strength to maintain open central lumen 216 and sec-
ondary lumens 218a and 2185. The material is also suffi-
ciently lubricious, or is treated to be sufficient lubricious, to
allow the nested surfaces of disk elements 202 to move rela-
tive to each other. Likewise, the material provides for low
friction between the inside surface of secondary lumens 218«
and 2184 and connecting wire(s) 204 disposed therethrough.
Non-limiting examples of suitable materials include mold-
able plastics and metals.

The connecting wire 204 can be a wire-like or thread-like
element and can be made of any suitable material and, in some
embodiments, is a suture. In various embodiments, the wires
can be made of a variety of materials and the term “wire”
encompasses filaments, threads, sutures, single or multiple-
strand wires, etc. An illustrative example includes suture wire
with a diameter of 0.005 inches. The even distribution of
secondary lumens 218a and 2185 allows for a balanced appli-
cation of forces to control the direction of the distal portion
130 of the catheter 118.

Although two secondary lumens 218a and 2185 are shown
in FIGS. 3A and 3B, some embodiments include additional or
fewer secondary lumens. For example, some embodiments
include three, four, five or more secondary lumens. In some
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embodiments, all secondary lumens run parallel to the central
lumen 216 and are evenly distributed around the central
lumen 216. In other embodiments, the secondary lumens are
not evenly distributed around the central lumen 216. The
function of the secondary lumens 2184 and 2185 and the
connecting wire(s) 204 is described below.

As discussed with respect to FIG. 2, and also illustrated in
FIG. 4, multiple disk elements 202 similar to disk element
202a are connected end-to-end to form the flexible portion
200 of the catheter 118. The front face 210 of a first disk
element 2024 is disposed at the distal end 150 of the catheter
118. The back face 214 of the first disk element 202a is
positioned adjacent to a front face 210 of a second disk
element 2025. The front face 210 of disk element 2025 fits
within the back face 214 of the first disk element 2024 in a
ball-and-socket configuration.

The central lumens 216 of disk element 202a and 2025 are
adjoining, forming an extended central lumen, i.e., the central
lumen of catheter 118. Similarly, the secondary lumens 218a
and 2186 are also adjoining, forming extended secondary
lumens. The disk elements 202 are interconnected by con-
necting wire(s) 204, such as suture(s), which extend through
secondary lumens 218a and 2185 from one end of the flexible
portion 200, comprising the disk elements 202, to the other
end.

According to some embodiments, the distal end of the
connecting wire(s) 204 is connected to the most distal of the
disk elements 202, e.g., disk element 2024 of FIG. 2. Mean-
while, the proximal end of the connecting wire(s) 204 can be
manipulated by a clinician through a control mechanism at
the central hub 112. As described above, some embodiments
of delivery system 100 have both the flexible portion 200 and
the relatively rigid main catheter portion 122. In such embodi-
ments, lumens that correspond to secondary lumens 218a and
218b are provided through the relatively rigid main catheter
portion 122. Thus, the connecting wire(s) 204 pass from the
central hub 112 through the corresponding lumens in the
relatively rigid catheter portion 122 to the secondary lumens
218a and 218b. In preferred embodiments, a single continu-
ous connecting wire extends from the central hub 112,
through one secondary lumen to the distal end 150, and
returns to the central hub 112 through the other secondary
lumen.

As all connecting wires 204 are tightened, i.e. pulled proxi-
mally, the joints between the disk elements 202 are tightened,
and the catheter 118 exhibits a great degree of stiffness at its
flexible portion 200. As all connecting wires 204 are loos-
ened, the joints between the disk elements 202 are loosened,
and the catheter 118 presents a great degree of flexibility at its
flexible portion 200. In addition, connecting wires 204 can
also be selectively loosened and tightened individually. When
one connecting wire 204 is tightened and others remain loose,
the adjoining ball-and-socket faces 210 and 214 of the con-
necting elements 202 are able to move with respect to each
other. As a result, the distal portion 130 of the catheter 118
bends in the direction of the tightened connecting wire 204.
Similarly, as two or more connecting wires 204 are tightened
and others remain loose, the catheter 118 responds accord-
ingly. Further still, some connecting wires 204 can be selec-
tively loosened to cause the flexible portion 200 to deflect in
the direction opposite to the loosened connecting wire(s) 204.
One advantage of the embodiments of the flexible portion 200
is that the flexibility allows the implant to assume its natural
deployment position while remaining attached to the delivery
system 100.

Operation of the delivery system 100 and, specifically
catheter 118, will now be described. For implant delivery, a
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medical implant can be secured at the distal end of the cath-
eter 118. During delivery, as the catheter 118 travels through
the lumen of the sheath 116, the direction of the catheter 118
can be manipulated by tightening one or more connecting
wires 204, e.g., by pulling the connecting wire(s) 204 proxi-
mally.

In yet further embodiments, flexible portion 200 has a
single secondary lumen 218a, through which a single con-
necting wire 204 passes. In such an embodiment, as the con-
necting wire 204 is tightened, the disk elements 202 of flex-
ible portion are deflected away from a straight configuration.

As described above, the secondary lumens 218a and 2185
(and other secondary lumens, if provided) are of sufficient
inner diameter to allow connecting wires 204 to slide within
the lumen and steer the disk elements 202. An illustrative
example of flexible portion 200 includes disk elements 202
having secondary lumens with an inner diameter of 0.020
inches for use with 0.005 inch diameter suture wire serving as
connecting wire(s) 204. In some embodiments, the secondary
lumens have a circular cross-section. However, secondary
lumens 2184 and 2185 can have any cross-sectional shape,
e.g., square, rectangular, or oval, as long as connecting wires
204 are permitted to slide within the secondary lumens 218«
and 2185.

In certain embodiments, during delivery, a medical device
is secured to the distal end 150 of catheter 118. Various
medical devices require various attachment mechanisms
between the device and the catheter, depending on the struc-
ture of the device, the technique required for delivering and
deploying the device, and combinations thereof. In particular,
some devices can be connected with a double attachment
system, i.e., two connections between the device and the
delivery system. For example, a single attachment can be
provided between the device and the flexible portion 200 of
catheter 118 to secure the device to the flexible portion. In
addition, a second attachment is made between the device and
the delivery wire 110, which is slidably disposed within the
central lumen of the catheter 118. This enables the delivery
wire 110 to manipulate portions of the medical device as it
remains attached to the distal end 150 of the catheter 118.
Although not required, in certain delivery procedures, the
delivery wire 110 is manipulated to deploy the medical
device; the delivery wire 110 is disconnected from the medi-
cal device and withdrawn proximally; and then the medical
device is released from the delivery system 100.

For a medical implant with a dual-attachment requirement,
the distal end 150 of the catheter 118 is modified to attach to
the implant. Such modifications have been disclosed in U.S.
patent application Ser. No. 11/110,975, entitled Delivery Sys-
tems and Methods for PFO Closure Device with Two
Anchors, filed Apr. 20, 2005; U.S. patent application Ser. No.
11/070,027, entitled Delivery/Recovery System for Clover
Leaf Septal Occluder, filed Mar. 2, 2005; U.S. patent appli-
cation Ser. No. 11/235,661, entitled Occluder Device Double
Securement System for Delivery/Recovery of Such Occluder
Device, filed Sep. 26, 2005; U.S. patent application Ser. No.
11/849,015, entitled Implant-Catheter Attachment Mecha-
nism Using Snare and Method of Use, filed Sep. 28, 2006;
U.S. patent application Ser. No. 11/904,545, entitled Implant-
Catheter Attachment Mechanism Using Snare and Method of
Use, filed Sep. 27, 2007; U.S. patent application Ser. No.
11/516,305, entitled Delivery Device for Implant with Dual
Attachment Sites, filed Sep. 6, 2006; all incorporated by
reference herein.

FIGS. 5A-5C show an embodiment of the catheter
described above incorporating a snare attachment disclosed
in U.S. patent application Ser. No. 11/849,015 and U.S. patent
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application Ser. No. 11/904,545. As shown in those figures,
the catheter 118 can be provided with a flexible catheter
portion 500, similar to flexible portion 200. Catheter portion
500 is comprised of disk elements 5024, 5026 and 502c,
collectively referred to as disk elements 502, which are simi-
lar to disk elements 202. In addition to the central lumen 216
and secondary lumens 2184 and 2184, additional snare
lumens 504a and 50456 are also provided as illustrated in
FIGS. 5A and 5B. The snare lumens 504q and 5045 permit a
snare attachment mechanism between the device and the
distal end of the catheter 118. In various embodiments, the
snare attachment device can have different constructions, for
example, with one or two loops.

FIG. 5C shows an embodiment with two looped snare
wires 510a and 5105 extending from secondary lumens 504a
and 5046, respectively. This illustrative embodiment corre-
sponds to the embodiment of the snare attachment mecha-
nism shown in FIGS. 44A-44C of U.S. patent application Ser.
No. 11/904,545. The looped ends of snare wires 510a and
5105 provide snare attachment mechanisms between a medi-
cal implant 520 and the distal end of the catheter 118. The
loop of snare wire 510q¢ fits around a first projection 522a,
which extends from a proximal end of the medical implant
520. Likewise, snare wire 5105 fits around a second projec-
tion 5226b.

As tension is maintained on snare wires 510a and 5105, the
loops of the snare wires are constricted and engage their
corresponding projections. Thus, the medical implant 520 is
held snuggly against the front face of the disk element 502a.
As tension is released from snare wires 510a and 5105, as
shown in FIG. 5C, the looped ends of snare wires 510a and
51056 open and release from projections 522a and 5225. In
some embodiments, the snare wires 510a and 5105 are biased
so that upon being released from projections 522a and 5225,
the snare wires deflect away from the projections to facilitate
release of the medical implant 520. In such a case, the sec-
ondary lumens 504a and 5045 can have a rectangular cross
section with the longest side of the rectangle oriented radially
away from the central axis of the catheter 118. In this way, the
secondary lumens 504a and 5045 permit the snare wires 510a
and 51054 to deflect away from the projections 522a and 52264.

Although not shown, in others embodiments, a single snare
wire extends from secondary lumen 504a, curves around the
first and second projections and reenters through lumen 5045,
thereby forming a coil of wire around the proximal end of the
medical implant 520. This wire can be extended and retracted
at the distal end of the catheter 118. By extending the single
wire, the coil of wire expands, thereby releasing the medical
implant 520 (e.g., such as described in connection with the
embodiment shown in FIG. 43 of U.S. patent application Ser.
No. 11/904,545).

FIGS. 5D-5E shows another embodiment of the delivery
system for use with the embodiment of the snare attachment
mechanism shown in FIG. 45A of U.S. patent application Ser.
No. 11/904,545. In this embodiment, the looped end of the
first snare wire 510qa extends from the first secondary lumen
5044 and the second snare wire 5105 extends from the second
secondary lumen 5045. The loops of the snare wires 510a and
5106 criss-cross over the proximal end of the medical implant
520 and are held in place by a flange 524. The first snare wire
510a passes through the first secondary lumen 5044, which is
oriented at the top of the front face of disk element 502a, and
the loop of the first snare wire 510a crosses over to snare the
opposite side of the medical implant 520. The second snare
wire 5104 passes through the second secondary lumen 5045,
which is oriented at the bottom of the front face of disk
element 502a, and the loop of the second snare wire 5105
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crosses over to snare the opposite side of the medical implant
520. Thus, as tension is held on snare wires 510a and 5105,
the loops in the snare wires are constricted, and the medical
implant 520 is held in place against the distal end of flexible
portion 500.

To release implant 520, snare wires 510a and 51056 are
pushed distally (or the catheter 118 is pulled proximally), to
allow the loops in the snare wires 510a and 5105 to expand
and release from the proximal end of the medical implant 520.
Various optional features to facilitate releasing the snare
wires 510a and 5106 from the medical implant 520 are
described in U.S. patent application Ser. No. 11/904,545, and
can be implemented in the embodiments described herein.
Likewise, the other embodiments of the snare attachment
mechanism disclosed in that application, and the other appli-
cations incorporated by reference, can be used with embodi-
ments of the present invention. For example, the various
single snare loop mechanisms illustrated in FIGS. 41-43 can
be used with embodiments of the delivery system 100.

In the dual-snare wire embodiments described above, the
snare wires can be released in sequence. Thus, one of the
snare wires can be loosened while the other snare wire
remains constricted. In such a case, the medical implant 520
remains at least partial secured to the distal end 150 of the
catheter 118 (of the delivery system 100 shown in FIG. 1).
Should the medical practitioner determine during the deploy-
ment of the medical implant 520 that the implant is not cor-
rectly positioned, the snare wire that remains constricted can
be used to keep the medical implant 520 held snuggly against
the distal end 150 of the catheter. Thus, the medical practi-
tioner may withdraw the catheter 118 proximally into the
sheath 116 with the medical implant 520 still attached. In
some cases, this can enable the medical implant to collapse
back into a reduced-profile configuration. In this way, the
delivery system 100 may also be used to retrieve a medical
device during the deployment procedure.

As mentioned above, the snare attachments described
herein are illustrative examples of optional features of the
distal end of flexible portion 500. Any of the modifications
disclosed in the incorporated applications may be used with
the embodiments described above. Similarly, other modifica-
tions are possible to allow for cooperation between the distal
end of flexible portion 500 and a device to be implanted into
a body. For example, a portion of the device to be implanted
may have a concave surface that mates with the convex sur-
face of the distal end of flexible portion 500. Likewise, the
front face of the distal-most disk element 5024 of flexible
portion 500 can be modified to cooperate with the geometry
of the device to be implanted.

The flexible delivery system 100 described herein has a
wide variety of applications, and could be used to deliver, and
optionally retrieve, various devices or implants to desired
locations within the body.

The embodiments described herein have been provided by
way of example and illustration only, and variations can be
made therefrom without departing from the spirit and scope
of'the inventions described herein. For example, the embodi-
ments described above have a central lumen extending
through the center of the disk elements. However, it is within
the scope of the invention to include two or more main lumens
running in a side-by-side arrangement through the center of
the catheter. Thus, while neither of the two or more main
lumens is disposed in the true center of the disk elements or
the catheter as a whole, it is understood that either or any of
these main lumens can fulfill the role of and be described as a
central lumen. Similarly, the embodiments described above
have segments in the form of disk elements having circular
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cross-sections. The segments of the flexible portion of the
catheter may have other cross-sectional geometries, such as
oval, and remain within the scope of the invention.

The invention claimed is:

1. A conduit for insertion into a living body, the conduit
comprising:

a hub portion at a proximal end of the conduit;

a plurality of adjacent segments, each of the plurality of
segments having a front face, a back face, and a central
axis, the front faces of the segments being adjacent to the
back faces of adjacent segments for forming a flexible
joint between the adjacent segments and for enabling the
segments to be deflected from a configuration wherein
the central axes of the segments are aligned;

amain lumen defined by the plurality of adjacent segments,
the main lumen passing through the front and back faces
of the segments;

a first side lumen defined by the plurality of adjacent seg-
ments, the first side lumen disposed within the segments
at a location radially distant from the central axes of the
segments;

a first wire disposed in the first side lumen, the first wire
being joined to a most distal segment of the plurality of
segments, the first wire having a proximal end that can
be manipulated through a control mechanism at the hub
portion to selectively tighten the first wire and cause the
most distal segment to bend in the direction of the tight-
ened first wire;

a first snare lumen defined by the plurality of adjacent
segments, the first snare lumen disposed within the seg-
ments at a location radially distant from the central axes
ofthe segments and a first snare wire disposed in the first
snare lumen, the first snare wire having a looped end that
extends from a distal end of the conduit for releasably
attaching to an implant device, wherein the first snare
wire is resiliently biased such that it automatically
deflects the looped end away from the central axis of the
most distal segment upon uncoupling of the looped end
from the implant device; and

a main catheter section attached to a most proximal seg-
ment of the plurality of segments.

2. The conduit of claim 1, further comprising a second side
lumen defined by the plurality of adjacent segments, the sec-
ond side lumen disposed within the segments at a location
radially distant from the central axes of the segments.

3. The conduit of claim 2, the first wire further disposed in
the second side lumen.

4. The conduit of claim 2, wherein the first side lumen is
disposed across the central axis from the second side lumen.

5. The conduit of claim 2, further comprising a second wire
disposed in the second side lumen, the second wire being
joined to the most distal segment of the plurality of segments,
the second wire having a proximal end that can be manipu-
lated through the control mechanism to selectively tighten the
second wire and cause the most distal segment to bend in the
direction of the tightened second wire.

6. The conduit of claim 5, further comprising a third side
lumen defined by the plurality of adjacent segments, the third
side lumen disposed within the segments at a location radially
distant from the central axes of the segments and a third wire
disposed in the third side lumen, the third wire being joined at
a first end of the third wire to the most distal segment of the
plurality of segments, the third wire having a proximal end
that can be manipulated through the control mechanism to
selectively tighten the third wire and cause the most distal
segment to bend in the direction of the tightened third wire.
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7. The conduit of claim 6, wherein the side lumens are
equally spaced from each other about the central axis.

8. The conduit of claim 1, wherein the segments are disk-
shaped and the front face of at least some of the segments is
convex and the back face of at least some of the segments is
concave.

9. The conduit of claim 1, wherein the main lumen is
disposed in the center of the plurality of segments.

10. The conduit of claim 1, further comprising a second
snare lumen defined by the plurality of adjacent segments, the
second snare lumen disposed within the segments at a loca-
tion radially distant from the central axes of the segments and
a second snare wire disposed in the second snare lumen, the
second snare wire having a looped end that extends from a
distal end of the conduit for releasably attaching to the
implant device.

11. The conduit of claim 1, further comprising a distal-
most segment, wherein a front face of the distal-most segment
is shaped to facilitate attachment of the implant device to the
distal-most segment.

12. A method comprising:

a) forming a conduit for insertion into a vasculature of a

living body, the conduit comprising:

a hub portion at a proximal end of the conduit;

a plurality of adjacent segments, each of the plurality of
segments having a front face, a back face, and a cen-
tral axis, the front faces of the segments being adja-
cent to the back faces of adjacent segments for form-
ing a flexible joint between the adjacent segments and
for enabling the segments to be deflected from a con-
figuration wherein the central axes of the segments are
aligned;

a main lumen defined by the plurality of adjacent seg-
ments, the main lumen passing through the front and
back faces of the segments;
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a first side lumen defined by the plurality of adjacent
segments, the first side lumen disposed within the
segments at a location radially distant from the central
axes of the segments;

a first snare lumen defined by the plurality of adjacent
segments, the first snare lumen disposed within the
segments at a location radially distant from the central
axes of the segments and a first snare wire disposed in
the first snare lumen, the first snare wire having a
looped end that extends from a distal end of the con-
duit for releasably attaching to an implant device,
wherein the first snare wire is resiliently biased such
that it automatically deflects the looped end away
from the central axis of the segments upon uncoupling
of the looped end from the implant device; and

a main catheter section attached to a most proximal
segment of the plurality of segments; and

b) disposing a first wire in the first side lumen, the first wire

being joined to a most distal segment of the plurality of
segments, the first wire having a proximal end that can
be manipulated through a control mechanism at the hub
portion to selectively tighten the first wire and cause the
most distal segment to bend in the direction of the tight-
ened first wire.

13. The method of claim 12, wherein the segments are
disk-shaped and the front face of at least some of the segments
is convex and the back face of at least some of the segments is
concave.

14. The method of claim 12, further comprising forming a
relatively rigid catheter section joined to the most proximal
segment of the plurality of segments.
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